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Abstract
Aim: Acute lymphoblastic leukemia is the most common cancer in children and adolescents. The application of chemotherapy by risk group and genetic 
modification have significantly improved the survival rate of childhood acute lymphoblastic leukemia. In this study, we aimed to determine genetic abnormalities 
and investigate the correlation between gene abnormalities and treatment results of childhood acute lymphoblastic leukemia. 
Material and Methods: This was a descriptive cross-sectional study on childhood acute lymphoblastic leukemia patients who were admitted to the hospital 
between November 2017 and May 2022. 
Results: There were 83 new patients with acute lymphoblastic leukemia. The results of multiplex PCR tests showed that 24.1% of patients had genetic 
abnormalities, of which, 12.1% had TEL/AML1 fusion, 4.8% of  had BCR/ABL1 fusion, 3.6% had E2A/PBX1 fusion, 2.4% had MLL/AF4 fusion and 1.2% had 
SET/NUP214 fusion. There were 12.1% of patients with a favorable prognosis, 80.7% of patients with an intermediate prognosis and 7.2% of patients with 
a poor prognosis. There were statistical correlations between the remission rate, the relapsed rate, the overall survival rate, the event-free survival rate and 
the genetic risk group. The overall survival rate and the event-free survival rate for the poor prognosis, intermediate prognosis and good prognosis risk groups 
after 2 years were 50.0 ± 25.0%, 0%; 86.7 ± 4.9%, 77.9 ± 6.1% and 100.0 ± 0.0%, 100.0 ± 0.0%. 
Discussion: Genetic abnormalities help in classification, prognosis and treatment of childhood acute leukemia. 
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Introduction
Acute lymphoblastic leukemia (ALL) is the most common cancer 
in children and adolescents, accounting for 20% of all new 
cancers diagnosed in children under 15 years of age [1]. It is a 
disease of the hematopoietic system caused by the uncontrolled 
proliferation of one or more malignant immature cell lines. The 
incidence of acute lymphoblastic leukemia is about 2-5 cases 
per 100,000 children and ALL is the most common in children 
aged 2-5 years [2]. Diagnosis and classification of acute 
lymphoblastic leukemia is based on clinical features combined 
with morphological malignancies, cytochemical staining, 
immunocytochemical markers, and genetic tests. Regarding 
the treatment of childhood acute lymphoblastic leukemia, 
the application of chemotherapy by risk group and genetic 
modification has significantly improved the survival rate of 
childhood acute lymphoblastic leukemia. In developed countries, 
the overall survival rate for acute lymphoblastic leukemia has 
risen from 10% in the 1960s to more than 90% in recent years 
[1, 2]. Therefore, I carried out this study to determine genetic 
abnormalities and investigate the correlation between gene 
abnormalities and the treatment results of childhood acute 
lymphoblastic leukemia.

Material and Methods
Patients
The study included 83 children diagnosed with acute 
lymphoblastic leukemia treated at Pediatric Oncology - 
Hematology – Bone Marrow Transplant Department, Pediatric 
Center - Hue Central Hospital, from 11/2017 to 5/2022.  All 
ethical regulations were followed, and this study was approved 
by the Hue Central Hospital Ethics Committee (Institutional 
Review Board No. 18/NCKH-BVH) on 20 October, 2017. Consent 
was obtained from all participants in this study
Inclusion criteria: 
• The patient was diagnosed with acute lymphoblastic leukemia 
•  Age < 16 
• All patients underwent multiplex RT-PCR genetic analysis, with 
the Hemavision 28N kit, 28 basic genetic mutations in acute 
lymphoblastic leukemia were detected.
Criteria for diagnosis of acute lymphoblastic leukemia: Clinical: 
Systemic symptoms: fever, fatigue, poor appetite. Anemia, 
bleeding under the skin or mucous membranes. Symptoms 
of extramedullary infiltrates: liver, spleen, lymphadenopathy, 
gingival hypertrophy, subcutaneous papules, central nervous 
system infiltrates, mediastinal infiltrates, or testicular 
infiltrates.
Peripheral blood count: There is usually a decrease in 
hemoglobin (Hb), the white blood cell count may be elevated, 
normal or decreased, but often there is a severe decrease in 
neutrophils, and peripheral bleeding may or may not be visible. 
The platelet count is usually low.
More than 20% of leukemic blasts were found in the bone 
marrow. According to the results of flow cytometry, acute 
lymphoblastic leukemia was diagnosed. 
Exclusion criteria
• Patients were diagnosed ALL, L3
• Pediatric patients with secondary or relapsed acute 
lymphoblastic leukemia

• The child and the representative did not agree to participate 
in the study.
Method: This was a descriptive, prospective longitudinal study. 
The longitudinal follow-up time to the end of the study was 
June 1, 2022.
Data were analyzed according to genetic tests, the remission 
rate, the relapsed rate,  overall survival rate. All statistical 
analysis was performed using SPSS v.18.0 (IBM Corp, Armonk, 
NY).

Results
A total of 83 new patients with ALL were identified from 
11/2017 to 5/2022 who met eligible criteria. Among these 
patients, 48 were males and 35 were females, the male-to-
female ratio was 1.37:1. The mean age was 5.2 ± 3.5 years. 
61.4% of patients were standard risk, and 38.6% were high risk 
patients. The percentages of B-ALL and T-ALL were 84.3% and 
15.7%, respectively
The results of the analysis with multiplex PCR showed that 
24.1% of patients had genetic abnormalities in the following 
order: TEL/AML1 (12.1%), BCR/ABL1 (4.8%), E2A/PBX1 (3.6%), 
MLL/AF4 (2.4%) and SET/NUP214 (1.2%) (Table 1).
Prognostic grouping according to genetic mutation: good 
prognosis (12.1%), intermediate prognosis (80.7%), poor 
prognosis (7.2%) (Table 2). The difference in the distribution 
rate of gene fusion between the two groups of standard and 
high risk, or between the two groups B-ALL and T-ALL was not 
statistically significant. (p>0,05). 
Results showed that 91.6% of ALL patients recovered based on 
blast cell count < 5% after the induction phase. The remission 
rate for the standard-risk group was 98.0%, while the rate for 
the high-risk group was 81.7%. The difference was statistically 
significant (p<0.05). Regarding the correlation between genetic 
abnormalities and the rate of remission in childhood acute 
lymphoblastic leukemia, it was shown  that remission rates 
varied between groups, in which the poor prognosis group 
accounted for the lowest (66.6%), 94.0% for the intermediate 
prognosis group, and 90.0% for the good prognosis group. The 

Classified group according gene fusions Number Percentage (%)

Poor prognosis (MLL/AF4, BCR/ABL1) 6 7.2

Intermediate prognosis 67 80.7

Good prognosis (TEL/AML1) 10 12.1

Total 83 100.0

Table 1. Genetic variants in ALL

Table 2. Classification of  ALL groups according gene fusions

Gene fusions Number Percentage (%)

TEL/AML1- t(12;21)(p13;q22) 10 12.1

BCR/ABL- t(9;22)(q34;q11) 4 4.8

E2A/PBX1 – t(1;19)(q23;p13) 3 3.6

MLL/AF4- t(4;11)(q21;q23) 2 2.4

SET/NUP214- t(9;9)(p34;q34) 1 1.2

Unexpressed 63 75.9

Total 83 100.0
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difference was statistically significant (p<0.05).
In the good and intermediate prognosis groups,  MRD<10-4 after 
induction therapy was 88.9% and 92.2%, respectively, while this 
rate was only 50% in the group with poor prognosis. There was 
a statistically significant difference between the three groups 
(p<0.02).
When doing the evaluation of ALL relapse rates based on genetic 
risk groups, the results showed that there was a difference in 
the relapse rates between the genetic risk groups, in which 
this rate of the poor prognosis group was highest (66.7%), 
followed by the intermediate prognosis group (11.1%), while 
the group with good prognosis did not show any recurrence. 
The difference was a statistically significant (p<0.05).
Regarding the evaluation of the overall survival rate according 
to genetic risk group, the result showed that at the end of the 
study, out of a total of 83 patients with ALL, 13 patients died, 
of which 3/6 patients belonged to the poor prognosis group, 
10/67 patients belonged to the intermediate prognosis group 

and no patient in the good prognosis group died. The number 
of surviving patients was 70, accounting for 84.3%. At 3 years, 
overall survival rates for groups with good, intermediate, and 
poor prognosis were 100.0 ± 0.0%, 76.3 ± 7.1%, and 25.0 ± 
21.7%, respectively. The difference was statistically significant 
(p<0.05). (Figure 1). Regarding the event-free survival rate, in 
the  2nd year, the event-free survival rate in the groups with 
good, intermediate and poor prognoses were: 100 ± 0.0%, 77.9 
± 6.1%, and 0%, respectively (Figure 2). The difference was 
statistically significant (p<0.05).
- At the end of the study, out of a total of 83 patients with ALL, 
13 patients died, of which 3/6 patients belonged to the poor 
prognosis group, 10/67 patients belonged to the intermediate 
prognosis group and no patient in the good prognosis group 
died. The number of surviving patients was 70 patients, 
accounting for 84.3%. At 3 years, overall survival for the good, 
intermediate, and poor prognosis groups was 100.0 ± 0.0%, 
76.3 ± 7.1%, and 25.0 ± 21.7%, respectively. The difference was 
statistically significant (p<0.05).

Discussion
The male/female ratio was 1.37:1 and the mean age was 
5.2 ± 3.5 years, similar to some studies by Fadoo, Al-Sudairy, 
Jovanovska and Yasmeen [3-6] . Regarding cell lineages, 
B-call lineage accounted for a high percentage (84.3%), and 
T-cell lineage accounted for 15.7%. The result was similar to 
the results of studies in developing countries. According to 
Fadoo, there were 78.5% of B-cell patients and 17.5% of T-cell 
patients [3]. According to Al-Sudairy, there were 89.5% of pre-B 
cell patients and 10.5% of T-cell patients [4]
The results of the analysis with multiplex PCR showed that 
there were 24.1% of patients with genetic abnormalities, 
including   12.1% of patients with TEL/AML1 fusion, 4.8% of 
patients with BCR/ABL1 fusion, 3.6% of patients with E2A/
PBX1 fusion, 2.4% of patients with MLL/AF4 fusion and 1.2% of 
patients with SET/NUP214 fusion. Our results were similar to 
those of other authors, such as Veerman and Aldrich  [7, 8]. With 
the multiplex-PCR, our result found a new fusion compared with 
other previous results in Vietnam. It was SET/NUP214 fusion, 
which is a rare fusion gene and often occurs in T-ALL at 10-11 
years of age [9, 10]. A patient with SET/NUP214 will have a 
high percentage of relapse [10]. Until now, SET/NUP214 is still 
poorly understood [9].
Based on genetic abnormalities, some authors such as Inaba, 
Pui classify patients into three risk genetic groups: favorable 
prognosis, intermediate prognosis and poor prognosis [11, 
12]. In our result, 12.1% of patients had a favorable prognosis, 
80.7% of patients had an intermediate prognosis and 7.2% had 
a poor prognosis.  
The rate of remission after the induction phase for ALL was 
91.6%, which was  similar to that of other researchers all over 
the world, the rate achieved 90-98%. The result showed that the 
percentage of remission differed among the three risk genetic 
groups. The rate of remission for the poor prognosis group was 
66.6%, the favorable prognosis group achieved 90.0% and in 
the intermediate prognosis group, it was 94.0%. The difference 
was statistically significant (p<0.05). Our results are similar to 
some studies by Pui, Lin, Toksvang and Cimino [12-15]. Thus, 

Figure 1. Overall survival curve by genetic risk group in ALL

Figure 2. Event-free survival curve by genetic risk group in ALL
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genetic abnormalities made a tremendous impact on the result 
of treatment. The good prognosis group had 88.9% MRD < 10-4 
after induction phase and this percentage was only 50% for the 
poor prognosis group and 92.2% for the intermediate prognosis 
group. The difference was statistically significant (p<0.05). Our 
results are similar to the study by Borowitz [16]. The percentage 
of MRD < 10-4 after the induction phase in patients with TEL/
AML1 fusion gene was 87.9%, however, that percentage was 
only 70.7% for patients with MLL rearrangement.  
The poor prognosis group had the highest relapsed percentage, 
66.7%, the intermediate prognosis group had 11.1% relapse 
and the good prognosis group had no relapse. The difference 
was statistically significant (p<0.05). Our results are similar 
to the study by Sanchez, the poor prognosis has the highest 
relapse rate. 23% of patients with BCR/ABL1 relapsed after 
achieving remission, in which, there was 10% of CNS relapse or 
CNS and bone marrow relapse [17].  
Overall survival rates for the poor prognosis, intermediate 
prognosis and good prognosis risk groups after 3 years were 
25.0 ± 21.7%, 76.3 ± 7.1% and 100.0 ± 0.0%. The difference 
was statistically significant (p<0,05). Our results are similar to 
the study by Pui, the overall survival rate for patients with BCR/
ABL1 fusion gene was 48.0 ± 2.0%, and the patients without 
BCR/ABL1 fusion genes was 94.5 ± 1.8% [12]. Regarding event-
free survival, event-free survival rates for the poor prognosis, 
intermediate prognosis and favorable prognosis risk groups 
after 2 years were 0%, 77.9 ± 6.1% and 100.0 ± 0.0%. The 
difference was statistically significant (p<0,05). Our results 
were similar to the study by Jeha, Pui [12, 18]. 
Conclusion
Genetic abnormalities help classify, predict and treat   
childhood acute lymphoblastic leukemia. There were statistical 
correlations between  remission rate, relapse rate, overall 
survival, event-free survival  and the genetic risk group.
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